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MANUFACTURING THE SAME 
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5 

This application is a Divisional of U.S. Application Serial No. 10/091,551, filed 
March 7, 2002, which is hereby incorporated by reference in its entirety. Applicant hereby 
incorporates by reference Japanese Application No. 2001-063103, filed March 7, 2001, in its 
entirety. 

10 

Technical Field 

The present invention relates to non-volatile semiconductor memory devices, and 
includes non-volatile semiconductor memory devices in which three kinds of data can be 
written and read at one memory cell unit. 

15 

Related Art 

Non- volatile semiconductor memory devices have certain desired characteristics, for 
example, they are better suited for development towards greater capacity than DRAMs and 
SRAMs, and are also capable of high-speed access. 
20 In particular, in recent years, non- volatile semiconductor memory devices whose 

memory capacity can be readily expanded and in which digitized image data and voice data 
can be more efficiently written and read are required. 

Summary 

25 Embodiments relate to a non- volatile semiconductor memory device including a 

semiconductor substrate and an impurity region and an element isolation region formed in 
the semiconductor substrate. The device also includes first and second memory elements 
mutually isolated by the element isolation region. The impurity region includes a first 
impurity diffusion layer and a second impurity diffusion layer. The first and second 

1 



U.S. Express Mail Label No. EU 062 166 291 US 



15.78/6445 



memory elements each include a gate dielectric layer, a floating gate, a selective oxide 
dielectric layer and a third impurity diffusion layer, and also include a common intermediate 
dielectric layer and a common control gate, and also are connected to the first and second 
impurity diffusion layers. The third impurity diffusion layer located in each of the first and 
5 second memory elements includes a channel region, and an impurity concentration of the 
third impurity diffusion layer located in the first memory element is different from an 
impurity concentration of the third impurity diffusion layer located in the second memory 
element. 

Embodiments also relate to a non-volatile semiconductor memory device including a 
10 semiconductor substrate and an impurity region and an element isolation region formed in 
the semiconductor substrate. The device also includes first and second memory elements 
mutually isolated by the element isolation region. The impurity region includes a first 
impurity diffusion layer and a second impurity diffusion layer. The first memory element 
and the second memory element each include a gate dielectric layer, a floating gate, a 
15 selective oxide dielectric layer and a third impurity diffusion layer, and also include a 

common intermediate dielectric layer and a common control gate, and also are connected to 
the first and second impurity diffusion layers. The first impurity diffusion layer is 
electrically connected to a bit line. The third impurity diffusion layer in each of the first and 
second memory elements includes a channel region. A threshold voltage of the first 
20 memory element and a threshold voltage of the second memory element are set at different 
values. 

Embodiments also relate to a method for manufacturing a non- volatile 
semiconductor memory device including a first memory element and a second memory 
element, the method for manufacturing a non- volatile semiconductor memory device 
25 including: (a) forming an element isolation region in a semiconductor substrate to isolate 
the first memory element from the second memory element; (b) introducing an impurity in 
each of two regions isolated by the element isolation region in the semiconductor substrate 
to thereby form a third impurity diffusion layer in the first memory element in one of the 
two regions and to form a third impurity diffusion layer in the second memory element in 
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another region of the two regions, wherein the third impurity diffusion layer in each of the 
first and second memory elements is formed such that an impurity concentration of the third 
impurity diffusion layer in the first memory element and an impurity concentration of the 
third impurity diffusion layer in the second memory element are different from each other; 
5 (c) forming a gate dielectric layer, a floating gate and a selective oxide dielectric layer for 
each of the first memory element and the second memory element in each of the two regions 
isolated by the element isolation region on the semiconductor substrate; (d) successively 
depositing a dielectric layer for forming an intermediate dielectric layer and a conduction 
layer and then patterning the dielectric layer and the conduction layer into a specified shape 

10 to form an intermediate dielectric layer and a control gate commonly shared by the first 
memory element and the second memory element; and (e) introducing an impurity into a 
specified region of the semiconductor substrate to form an impurity region that includes the 
first and second impurity diffusion layers, to thereby form the first memory element and the 
second memory element. 

15 Embodiments also include a method for manufacturing a non- volatile semiconductor 

memory device including a first memory element and a second memory element, the method 
for manufacturing a r\on- volatile semiconductor memory device comprising the steps of: (a) 
forming an element isolation region in a semiconductor substrate to isolate the first memory 
element from the second memory element, and then successively forming a dielectric layer 

20 for forming a gate dielectric layer and a conduction layer for forming a floating gate; (b) 

introducing an impurity in each of two regions isolated by the element isolation region in the 
semiconductor substrate to thereby form a third impurity diffusion layer in the first memory 
element in one of the two regions and to form a third impurity diffusion layer in the second 
memory element in another region of the two regions, wherein the third impurity diffusion 

25 layer in each of the first and second memory elements is formed such that an impurity 
concentration of the third impurity diffusion layer in the first memory element and an 
impurity concentration of the third impurity diffusion layer in second memory element are 
different from each other; (c) selectively oxidizing a part of the conduction layer for forming 
a floating gate to thereby form a selective oxide dielectric layer for the first memory element 
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and the second memory element, and then patterning the dielectric layer for forming a gate 
dielectric layer and the conduction layer for forming a floating gate into a specified shape, to 
thereby form a gate dielectric layer and a floating gate for each of the first memory element 
and the second memory element in the respective two regions isolated by the element 
5 isolation region on the semiconductor substrate; (d) successively depositing a dielectric layer 
for forming an intermediate dielectric layer and a conduction layer for forming a control 
gate and then patterning the dielectric layer and the conduction layer for forming a control 
gate into a specified shape to form an intermediate dielectric layer and a control gate 
commonly shared by the first memory element and the second memory element; and (e) 

10 introducing an impurity into a specified region of the semiconductor substrate to form an 
impurity region that includes the first and second impurity diffusion layers, to thereby form 
the first memory element and the second memory element. 

Embodiments also relate to a method for manufacturing a non- volatile 
semiconductor memory device including a first memory element in a first memory element 

15 region and a second memory element in a second memory element region. The method 

includes providing a semiconductor substrate including a first memory element region and a 
second memory element region. The method also includes forming a third impurity 
diffusion layer in each of the first and second memory element regions, wherein an impurity 
concentration of the third impurity diffusion layer in the first memory element region is 

20 different from an impurity concentration of the third impurity diffusion layer in the second 
memory element region. The method also includes forming a gate dielectric layer, a floating 
gate and a selective oxide dielectric layer in each of the first memory element region and the 
second memory element region. The method also includes depositing a dielectric layer and 
depositing a conduction layer and patterning the dielectric layer and the conduction layer to 

25 form an intermediate dielectric layer and a control gate commonly shared by the first 

memory element and the second memory element. In addition, the method includes forming 
first and second impurity diffusion layers in selected regions of the semiconductor substrate. 

In an embodiment related to that described in the paragraph above, forming the third 
impurity diffusion layer in each of the first and second memory element regions may be 
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carried out prior to forming the gate dielectric layer, the floating gate, and the selective 
oxide dielectric layer in each of the first and second memory element regions. In another 
embodiment related to that described in the paragraph above, forming the third impurity 
diffusion layer in each of the first and second memory element regions may be carried out 
5 after forming the gate dielectric layer, the floating gate, and the selective oxide dielectric 
layer in each of the first and second memory element regions. 

Brief Description of the Drawings 

Embodiments of the invention are described with reference to the accompanying 
10 drawings which, for illustrative purposes, are schematic and not necessarily drawn to scale. 

Fig. 1 schematically shows a plan view of a non-volatile semiconductor memory 
device in accordance with one embodiment of the present invention. 

Fig. 2 shows a cross-sectional view taken along a line A - A of the non- volatile 
semiconductor memory device shown in Fig. 1 . 
15 Fig. 3 shows a cross-sectional view taken along a line B - B of the non- volatile 

semiconductor memory device shown in Fig. 1. 

Fig. 4 schematically shows a plan view of the non- volatile semiconductor memory 
device shown in Fig. 1 in a manufacturing step. 

Fig. 5 shows a cross-sectional view taken along the line A - A of the non- volatile 
20 semiconductor memory device shown in Fig. 4 in a manufacturing step. 

Fig. 6 schematically shows a view of the non- volatile semiconductor memory device 
shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the cross 
section taken along the line A - A in Fig. 1 . 

Fig. 7 schematically shows a view of the non-volatile semiconductor memory device 
25 shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the cross 
section taken along the line A - A in Fig. 1. 

Fig. 8 schematically shows a view of the non- volatile semiconductor memory device 
shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the cross 
section taken along the line A - A in Fig. 1. 
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Fig. 9 schematically shows a view of the non-volatile semiconductor memory device 
shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the cross 
section taken along the line A - A in Fig. 1. 

Fig. 10 schematically shows a view of the non- volatile semiconductor memory 
5 device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
cross section taken along the line A - A in Fig. 1. 

Fig. 1 1 schematically shows a view of the non-volatile semiconductor memory 
device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
cross section taken along the line A - A in Fig. 1. 
10 Fig. 12 schematically shows a view of the non- volatile semiconductor memory 

device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
cross section taken along the line A - A in Fig. 1 . 

Fig. 13 schematically shows a view of the non- volatile semiconductor memory 
device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
15 cross section taken along the line A - A in Fig. 1 . 

Fig. 14 schematically shows a view of the non- volatile semiconductor memory 
device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
cross section taken along the line B - B in Fig. 1. 

Fig. 15 schematically shows a view of the non- volatile semiconductor memory 
20 device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
cross section taken along the line A - A in Fig. 1. 

Fig. 16 schematically shows a view of the non- volatile semiconductor memory 
device shown in Fig. 1 in a manufacturing step, and shows a portion corresponding to the 
cross section taken along the line B - B in Fig. 1. 
25 Fig. 1 7 schematically shows in a plan view another example of the method for 

manufacturing the non-volatile semiconductor memory device shown in Fig. 1. 

Fig. 18 schematically shows a view of the non- volatile semiconductor memory 
device shown in Fig. 1 in another example of the manufacturing method, and shows a 
portion corresponding to the cross section taken along a line A - A in Fig. 17. 
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Fig. 19 schematically shows in a plan view another example of the method for 
manufacturing the non-volatile semiconductor memory device shown in Fig. 1 . 

Fig. 20 schematically shows a view of the non- volatile semiconductor memory 
device shown in Fig. 1 in another example of the manufacturing method, and shows a 
5 portion corresponding to the cross section taken along a line A - A in Fig. 19. 

Detailed Description 

Certain embodiments relate to non- volatile semiconductor memory devices whose 
memory capacity can be readily expanded and in which digitized image data and voice data 
10 can be more efficiently written and read and methods for manufacturing the same. 

A non- volatile semiconductor memory device in accordance with one embodiment 
of the present invention comprises: 
a semiconductor substrate; 

an impurity region and an element isolation region formed in the semiconductor 
15 substrate; and 

first and second memory elements formed in the semiconductor substrate and 
mutually isolated by the element isolation region, 

the impurity region including a first impurity diffusion layer and a second impurity 
• diffusion layer, 

20 the first memory element and the second memory element each including a gate 

dielectric layer, a floating gate, a selective oxide dielectric layer and a third impurity 
diffusion layer, also including a common intermediate dielectric layer and a common control 
gate, and being connected to the common first and second impurity diffusion layers, 

the third impurity diffusion layer composing a portion of each of the first and second 
25 memory elements including a channel region, and 

an impurity concentration of the third impurity diffusion layer composing a portion 
of the first memory element being different from an impurity concentration of the third 
impurity diffusion layer composing a portion of the second memory element. 



7 



U.S. Express Mail Label No. EU 062 166 291 US 



15.78/6445 



In accordance with certain aspects of the present embodiment, the impurity 
concentration of the third impurity diffusion layer composing a portion of the first memory 
element is different from the impurity concentration of the third impurity diffusion layer 
composing a portion of the second memory element, such that the threshold voltage of the 
5 first memory element and the threshold voltage of the second memory element are set at 
different values. As a result, at the time of writing and reading data, three different kinds of 
data can be written and read, which are provided due to the difference in the threshold 
voltages between the first and second memory elements, by three different modes that drive 
one of the first and second memory elements, both of them, or neither of them. 
10 Accordingly, by applying this to an apparatus that needs to discriminate three types of data 
from one another, such as a color CCD and a color liquid crystal display apparatus, storage 
and reading of data can be efficiently executed. 

In this case, the first impurity diffusion layer may preferably be electrically 
connected to a bit line. 
15 A non- volatile semiconductor memory device in accordance with a second 

embodiment of the present invention comprises: 

a semiconductor substrate; 

an impurity region and an element isolation region formed in the semiconductor 
substrate; and 

20 first and second memory elements formed in the semiconductor substrate and 

mutually isolated by the element isolation region, 

the impurity region including a first impurity diffusion layer and a second impurity 
diffusion layer, 

the first memory element and the second memory element each including a gate 
25 dielectric layer, a floating gate, a selective oxide dielectric layer and a third impurity 

diffusion layer, also including a common intermediate dielectric layer and a common control 
gate, and being connected to the common first and second impurity diffusion layers, 

the first impurity diffusion layer being electrically connected to a bit line, 
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the third impurity diffusion layer composing a portion of each of the first and second 
memory elements including a channel region, and 

a threshold voltage of the first memory element and a threshold voltage of the second 
memory element being set at different values. 
5 According to the structure described above, functions and effects that are similar to 

those of the first non- volatile semiconductor memory device embodiment described above 
are provided. 

Also, the first and second non-volatile semiconductor memory devices described 
above may have the following features described in additional embodiments (1) through (3) 
10 listed below. 

(1) The first memory element and the second memory element may be electrically 
connected to a common bit line through the first impurity diffusion layer. 

(2) An interlayer dielectric layer formed over the first memory element and the 
second memory element and a contact section passing through the interlayer dielectric layer 

15 may be included, and the first impurity diffusion layer may preferably be connected to the 
bit line through the contact section. 

(3) The third impurity diffusion layer included in each of the first and second 
memory elements may be formed in a section between the first impurity diffusion layer and 
the second impurity diffusion layer, and immediately below the gate dielectric layer and the 

20 control gate. 

A first method embodiment for manufacturing a non-volatile semiconductor memory 
device pertains to a method for manufacturing a non- volatile semiconductor memory device 
including a first memory element and a second memory element, which includes the steps 
(a) through (e) as follows: 
25 (a) Step of forming an element isolation region in a semiconductor substrate for 

isolating the first memory element from the second memory element; 

(b) Step of introducing an impurity in each of two regions isolated by the element 
isolation region in the semiconductor substrate to thereby form a third impurity diffusion 
layer composing a portion of the first memory element in one of the two regions and to form 
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a third impurity diffusion layer composing a portion of the second memory element in 
another region of the two region, 

wherein the third impurity diffusion layer composing a portion of each of the first 
and second memory elements is formed such that an impurity concentration of the third 
5 impurity diffusion layer composing a portion of the first memory element and an impurity 
concentration of the third impurity diffusion layer composing a portion of the second 
memory element are different from each other; 

(c) Step of forming a gate dielectric layer, a floating gate and a selective oxide 
dielectric layer that compose a portion of each of the first memory element and the second 

10 memory element in each of the two regions isolated by the element isolation region on the 
semiconductor substrate; 

(d) Step of successively depositing a dielectric layer for forming an intermediate 
dielectric layer and a conduction layer and then patterning the dielectric layer and the 
conduction layer into a specified shape to form an intermediate dielectric layer and a control 

15 gate commonly shared by the first memory element and the second memory element; and 

(e) Step of introducing an impurity into a specified region of the semiconductor 
substrate to form an impurity region that includes the first and second impurity diffusion 
layers, to thereby form the first memory element and the second memory element. 

By the method in accordance with the present embodiment, the impurity 
20 concentration of the third impurity diffusion layer composing a portion of the first memory 
element and the impurity concentration of the third impurity diffusion layer composing a 
portion of the second memory element are made to be different from each other, such that 
the threshold voltages of the first memory element and the second memory element can be 
set at different values. As a result, a non- volatile semiconductor memory device that can 
25 write and read three kinds of data can be manufactured by a simplified method. 

In particular, the concentrations of the impurity introduced respectively in the third 
impurity diffusion layer composing a portion of the first memory element and the third 
impurity diffusion layer composing a portion of the second memory element may preferably 
be made different to set the threshold voltage of the first memory element and the threshold 
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voltage of the second memory element at different values. According to this method, the 
concentrations of the impurity introduced in the third impurity diffusion layers respectively 
composing a portion of the first memory element and the second memory element are 
changed from one another, such that the threshold voltages of the first and second memory 
5 elements can be readily adjusted. 

A second method embodiment for manufacturing a non- volatile semiconductor 
memory device pertains to a method for manufacturing a non- volatile semiconductor 
memory device including a first memory element and a second memory element, which 
includes the steps (a) through (e) as follows: 

10 Step (a) of forming an element isolation region in a semiconductor substrate for 

isolating the first memory element from the second memory element, and then successively 
forming a dielectric layer for forming a gate dielectric layer and a conduction layer for 
forming a floating gate; 

Step (b) of introducing an impurity in each of two regions isolated by the element 

15 isolation region in the semiconductor substrate to thereby form a third impurity diffusion 
layer composing a portion of the first memory element in one of the two regions and to form 
a third impurity diffusion layer composing a portion of the second memory element in 
another region of the two region, 

wherein the third impurity diffusion layer composing a portion of each of the first 

20 and second memory elements is formed such that an impurity concentration of the third 
impurity diffusion layer composing a portion of the first memory element and an impurity 
concentration of the third impurity diffusion layer composing the second memory element 
are different from each other; 

Step (c) of selectively oxidizing a part of the conduction layer for forming a floating 

25 gate to thereby form a selective oxide dielectric layer that composes a portion of the 

respective first memory element and the second memory element, and then patterning the 
dielectric layer for forming a gate dielectric layer and the conduction layer for forming a 
floating gate into a specified shape, to thereby form a gate dielectric layer and a floating gate 
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that compose each of the first memory element and the second memory element in the two 
regions isolated by the element isolation region on the semiconductor substrate; 

Step (d) of successively depositing a dielectric layer for forming an intermediate 
dielectric layer and a conduction layer for forming a control gate and then patterning the 
5 dielectric layer and the conduction layer for forming a control gate into a specified shape to 
form an intermediate dielectric layer and a control gate commonly shared by the first 
memory element and the second memory element; and 

Step (e) of introducing an impurity into a specified region of the semiconductor 
substrate to form an impurity region that includes the first and second impurity diffusion 
10 layers, to thereby form the first memory element and the second memory element. 

By the method according to the present embodiment, functions and effects similar to 
those of the first method embodiment for manufacturing a non- volatile semiconductor 
memory device described above are provided. 

Also, in the first and second methods for manufacturing non- volatile semiconductor 
15 memory devices described above may have the following features described in additional 
method embodiments (1) through (4). 

(1) Further, the following steps (f) and (g) may be included. 

Step (f) of forming an interlayer dielectric layer over the first memory element and 
the second memory element, and then forming a contact section that passes through the 
20 interlayer dielectric layer over the first impurity diffusion layer; and 

Step (g) of embedding a conduction layer in the contact section and forming a bit 
line that connects to the conduction layer on the interlayer dielectric layer. 

In this case, the step (g) may preferably be a step for electrically connecting the 
conduction layer and the first impurity diffusion layer. 
25 Also, in this case, the step (g) may preferably be a step for electrically connecting the 

bit line to the first and second memory elements as a common bit line for the first and 
second memory elements. 

(2) The step (b) may preferably be a step for introducing an impurity in specified 
amounts in the respective two regions isolated by the element isolation region in the 
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semiconductor substrate to thereby form the third impurity diffusion layer composing a 
portion of the respective first and second memory elements such that an impurity 
concentration of the third impurity diffusion layer composing a portion of the first memory 
element and an impurity concentration of the third impurity diffusion layer composing a 
5 portion of the second memory element are different from each other. 

(3) In the step (b), the impurity may preferably be introduced in a specified region in 
the semiconductor substrate immediately below the control gate to set such that an impurity 
concentration of the third impurity diffusion layer composing a portion of the first memory 
element and an impurity concentration of the third impurity diffusion layer composing a 

10 portion of the second memory element are different from each other. 

(4) Further, the following step (h) may be included. 

(h) An impurity may preferably be introduced at least in a part of the semiconductor 
substrate before forming the gate dielectric layer in the step (c). 

In this case, more preferably, the step (h) may be a step for forming an impurity 
15 region in a section immediately below the control gate in the semiconductor substrate. 

Certain preferred embodiments of the present invention are described below with 
reference to the accompanying drawings. 

Fig. 1 schematically shows a plan view of a non- volatile semiconductor memory 
device 300 in accordance with an embodiment of the present invention, and Fig. 2 shows a 
20 cross-sectional view taken along a line A - A of the non- volatile semiconductor memory 
device 300 shown in Fig. 1 . 

The non- volatile semiconductor memory device 300 is formed on a semiconductor 
substrate (for example, silicon substrate) 10 of a second conductivity type (for example, P 
type), and includes a first memory element 100 and a second memory element 200, a first 
25 impurity diffusion layer 16 and a second impurity diffusion layer 14 of a first conductivity 
type (for example, N type), and element isolation regions 18 and 38. The first impurity 
diffusion layers 16 and the second impurity diffusion layers 14 are source/drain regions. In 
the present embodiment, the first conductivity type is defined to be N-type, and the second 
conduction is defined to be P-type. 
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As shown in Fig. 1, a memory cell array 1000 is formed from the first and second 
memory elements 100 and 200 that comprise the non- volatile semiconductor memory 
devices 300. In the memory cell array 1000, the non- volatile semiconductor memory 
devices 300 including the first and second memory elements 100 and 200 are arranged in 
5 lines in the X-direction (row direction) and the Y-direction (column direction). As shown in 
Fig. 1, the non- volatile semiconductor memory device 300 forms one memory cell unit 
including one set of the first and second memory elements 100 and 200 that are disposed 
next to each other in the X-direction. Furthermore, the first and second memory elements 
100 and 200 disposed in lines in the Y-direction that form the non- volatile semiconductor 

10 memory devices 300 are alternately arranged. In this embodiment, each of the first and 
second memory elements 100 and 200 is a non- volatile memory transistor having a split- 
gate structure (hereafter referred to as "memory transistor"). 

Also, in the non- volatile semiconductor memory device 300, the first and second 
memory elements 100 and 200 are isolated from one another. 

15 Referring to Fig. 1, one of the first memory elements 100 is disposed next to another 

of the first memory elements 100 in the Y-direction with the first impurity diffusion layer 16 
being interposed between them, and is also disposed next to another of the first memory 
elements 100 with a common second impurity diffusion layer 14 being interposed between 
them. Similarly, one of the second memory elements 200 is disposed next to another of the 

20 second memory elements 200 in the Y-direction with the first impurity diffusion layer 16 
being interposed between them, and is also disposed next to another of the second memory 
elements 200 with a common second impurity diffusion layer 14 being interposed between 
them. 

Also, with respect to the non- volatile semiconductor memory devices 300 shown in 
25 Fig. 1, the element isolation regions 18 are disposed separated from one another by each two 
rows including pairs of the adjacent first and second memory elements 100 and 200. The 
first impurity diffusion layers 16 in the X-direction are provided at adjacent ones of the first 
and second memory elements 100 and 200 and separated from one another by the element 
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isolation regions 18, and the second impurity diffusion layers 14 are continuous in the X- 
direction. 

The first and second memory elements 100 and 200 that comprise the non- volatile 
semiconductor memory devices 300 are separated from one another by the element isolation 
5 region 38. Further, each of the first and second memory elements 100 and 200 includes a 
gate dielectric layer, a floating gate and a third impurity diffusion layer. In other words, the 
first memory element 100 includes a gate dielectric layer 20, a floating gate 22 and a 
selective oxide dielectric layer 24, and the second memory element 200 includes a gate 
dielectric layer 120, a floating gate 122 and a selective oxide dielectric layer 124. 

10 The gate dielectric layer 20, the floating gate 22 and the selective oxide dielectric 

layer 24 that form the first memory element 100 are successively disposed in layers on a 
well 1 1 that is provided in the silicon substrate 10. Also, in the first memory element 100, a 
third interlayer dielectric layer 15 is formed in the well 1 1 between the first impurity 
diffusion layer 16 and the second impurity diffusion layer 14 immediately below the gate 

15 dielectric layer 20. In other words, the third interlayer dielectric layer 1 5 is a region that 
includes the second conductivity type (P-type) impurity and includes an impurity region 
(channel region) that is formed immediately below the gate dielectric layer 20; and, as 
shown in Fig. 3, it is formed in the well 1 1 between the first impurity diffusion layer 16 and 
the second impurity diffusion layer 14, in other words, from a portion immediately below 

20 the gate dielectric layer 20 to a portion immediately below the intermediate dielectric layer 
26 (and below control gate 28). 

Furthermore, the first memory element 100 includes the intermediate dielectric layer 
26 and the control gate 28 that are commonly shared by the second memory element 200, 
and is connected to the first and second impurity diffusion layers 16 and 14 that are 

25 commonly shared by the second memory element 200. In other words, as shown in Fig. 2, 
the intermediate dielectric layer 26 and the control gate 28 are continuous from the first 
memory element 100 to the second memory element 200, and the first and second impurity 
diffusion layers 16 and 14 are source/drain regions commonly shared by the first and second 
memory elements 100 and 200. 
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The gate dielectric layer 120, the floating gate 122 and the selective oxide dielectric 
layer 124 that form the second memory element 200 are successively disposed in layers on 
the well 1 1 that is provided in the silicon substrate 10. Also, in the second memory element 
200, a third interlayer dielectric layer 25 is formed in the well 1 1 between the first impurity 
5 diffusion layer 16 and the second impurity diffusion layer 14 immediately below the gate 
dielectric layer 120. The third interlayer dielectric layer 25 is, similar to the third impurity 
diffusion layer 15 in the first memory element 100, a region that includes the second 
conductivity type (P-type) impurity and includes an impurity region (channel region) that is 
formed immediately below the gate dielectric layer 120; and it is formed in the well 1 1 

10 between the first impurity diffusion layer 16 and the second impurity diffusion layer 14. In 
other words, the third impurity diffusion layer 25 is formed from a portion immediately 
below the gate dielectric layer 120 to a portion immediately below the intermediate 
dielectric layer 26 (and below control gate 28). 

Furthermore, as described above, the second memory element 200 includes the 

15 intermediate dielectric layer 26 and the control gate 28 that are commonly shared by the first 
memory element 100, and connected to the first and second impurity diffusion layers 16 and 
14 that are commonly shared by the first memory element 100. 

The present embodiment is characterized in that the impurity concentration of the 
third impurity diffusion layer 15 that composes a portion of the first memory element 100 

20 and the impurity concentration of the third impurity diffusion layer 25 that composes a 
portion of the second memory element 200 are different from one another. In other words, 
the concentrations of the second conductivity type (P-type) impurity respectively introduced 
in the third impurity diffusion layers 15 and 25 are different from one another. According to 
this composition, the threshold voltage of the memory element 100 and the threshold voltage 

25 of the second memory element 200 can be set at different values, such that three kinds of 

data can be written and read. Also, in the non-volatile semiconductor memory device 300 of 
the present embodiment, the first and second memory elements 100 and 200 are connected 
to a common bit wiring layer (bit line) 30 through the first impurity diffusion layer 16, such 
that one bit wiring layer 30 controls both of the first and second memory elements 100 and 
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200 in pairs that are arranged in Y-direction and adjacent with one another with the element 
isolation regions 38 being interposed between them. As a result, more efficient processing 
can be achieved. This will be described in detail in the operation method description below 
for a non- volatile semiconductor memory device in accordance with an embodiment of the 
5 present invention. 

It is noted that, in the present embodiment, the description is made with respect to a 
case in which the impurity concentration of the third impurity diffusion layer 15 of the first 
memory element 100 is higher than the impurity concentration of the third impurity 
diffusion layer 25 of the second memory element 200. However, the impurity concentration 

10 of either of them may be higher than the other as long as the impurity concentrations of the 
third impurity diffusion layers 15 and 25 of the first and second memory elements are 
different from one another. In this case, the threshold voltage of the first memory element 
100 is set to be higher than the threshold voltage of the second memory element 200. 

The floating gates 22 and 122 of the first and second memory elements 100 and 200 

15 are independently disposed for each of the memory elements. The control gate 28 extends 
in X-direction in a manner to overlap at least a part of the plurality of floating gates 22 and 
122 at each of the rows as viewed in a plan view thereof. Also, the first impurity diffusion 
layer 16 of the first conductivity type (N-type) is formed between adjacent ones of the 
control gates 28. Further, the second impurity diffusion layer 14 of the first conductivity 

20 type (N-type) is disposed on the side opposite to the side where the first impurity diffusion 
layer 16 is formed in the first and second memory elements 100 and 200. The second 
impurity diffusion layer 14 is formed in the silicon substrate 10 in a similar manner as the 
first impurity diffusion layer 16. Also, the second impurity diffusion layer 14 is continuous 
in the X-direction, and extends in the X-direction. 

25 Furthermore, the selective oxide dielectric layers 24 and 124 are formed respectively 

on the floating gates 22 and 122 that of the first and second memory elements 100 and 200, 
respectively. The selective oxide dielectric layers 24 and 124 are formed by patterning a 
dielectric layer that is formed by selectively oxidizing part of a polysilicon layer that 
becomes the floating gates 22 and 122, as described below. The selective oxide dielectric 
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layers 24 and 124 each have a structure, as shown in Fig. 2, in which the film thickness 
thereof becomes thinner toward an end section thereof. As a result, as shown in Fig. 2, 
upper peripheral sections 220 and 320 of the floating gates 22 and 122 are formed to have an 
acute angle, such that electric field concentration is apt to take place at the upper peripheral 
5 sections 220 and 320. 

Also, the gate dielectric layers 20 and 120, the floating gates 22 and 122 and the 
selective oxide dielectric layers 24 and 124 that respectively form the first and second 
memory elements 100 and 200 are formed in a manner that both ends of each of them 
overlap adjacent element isolation regions 18 and 38, as shown in Fig. 1. 

10 Preferably, the intermediate dielectric layer 26 is commonly shared by the first 

memory element 100 and the second memory element 200 and is formed in a manner to 
extend from the side surfaces of the floating gates 22 and 122 over the surfaces of the 
selective oxide dielectric layers 24 and 124, and extend along the surface of the well 1 1 and 
reach one end of the first impurity diffusion layer 16. The intermediate dielectric layer 26 

15 functions as a so-called tunneling dielectric layer. 

The control gate 28 is formed on the intermediate dielectric layer 26. Preferably, the 
control gate 28 is commonly shared by the first memory element 100 and the second 
memory element 200 in a similar manner as the intermediate dielectric layer 26, and extends 
in X-direction. 

20 Furthermore, as shown in Fig. 2, an interlayer dielectric layer 40 is formed over the 

well 1 1 where the first and second memory elements 100 and 200 are formed. Contact holes 
33 that reach the first impurity diffusion layer 16 are formed in the interlayer dielectric layer 
40 at specified regions, for example, as shown in Fig. 3, and contact conduction layers 32 
are formed in the contact holes 33. Furthermore, the bit wiring layer 30 having a specified 

25 pattern is formed on the interlayer dielectric layer 40. Each of the control gates 28 defines a 
word line, the second impurity diffusion layer 14 extending in parallel with the control gate 
28 defines a source line, and the bit wiring layer 30 that is connected to the first impurity 
diffusion layer 16 defines a bit line. In other words, the first impurity diffusion layer 16 is 
electrically connected to the bit wiring layer 30, and the first and second memory elements 
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100 and 200 are electrically connected to the common first impurity diffusion layer 16. 
Accordingly, the first and second memory elements 100 and 200 are electrically connected 
to the common bit wiring layer (bit line) 30 through the first impurity diffusion layer 16. 
Next, one example of an operation method of the non- volatile semiconductor 
5 memory device 300 in accordance with the present embodiment is described with reference 
to Fig. 3. 

Referring to Fig. 3, Vc indicates a voltage that is applied to the control gate 28, Vs 
indicates a voltage that is applied to the second impurity diffusion layer 14, Vd indicates a 
voltage that is applied to the first impurity diffusion layer 16, and Vsub indicates a voltage 
10 that is applied to the silicon substrate 10. 

One example of a data writing operation is described below. 

When the non-volatile semiconductor memory device 300 with a split-gate structure 
is operated, in a data writing operation, the second impurity diffusion layer 14 is set at a 
higher potential with respect to the first impurity diffusion layer 16, and a low potential is 

15 applied to the control gate 28. As a result, hot electrons are generated near the first impurity 
diffusion layer 16, and the hot electrons are accelerated toward the floating gate, and 
injected in the floating gate 22 (and/or floating gate 122) through the gate dielectric layer 20 
(and/or the gate dielectric layer 120), such that data is written. 

In accordance with the present embodiment, the impurity concentration of the third 

20 impurity diffusion layer 15 that of the first memory element 100 is different from the 
impurity concentration of the third impurity diffusion layer 25 of the second memory 
element 200, such that the threshold voltage of the first memory element 100 and the 
threshold voltage of the second memory element 200 are set at different values. By 
changing the voltage Vd that is applied to the first impurity diffusion layer 16, one of the 

25 states, i.e., writing data in one of the first and second memory elements 100 or 200, or 

writing data in both of the first and second memory elements 100 and 200, can be selected. 

As described above, as one example of the present embodiment, the impurity 
concentration of the third impurity diffusion layer 15 of the first memory element 100 is 
higher than the impurity concentration of the third impurity diffusion layer 25 of the second 
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memory element 200. As a result, the threshold voltage V t hi of the first memory element 
100 is set to be greater than the threshold voltage V t h2 of the second memory element 200. 
Accordingly, when the voltage V c that is applied to the control gate 28 is greater than the 
threshold voltage V t h2 of the second memory element 200, and smaller than the threshold 
5 voltage Vthi of the first memory element 100, data is written only in the second memory 
element 200. This case may be defined that, for example, data "1" is stored. Also, when the 
voltage V c that is applied to the control gate 28 is greater than the threshold voltage V t hi of 
the first memory element 100, data is written in both of the first and second memory 
elements 100 and 200. This case may be defined that, for example, data "0" is stored. 
10 When the voltage V c that is applied to the control gate 28 is smaller than the threshold 
voltage V t h2 of the second memory element 200, data is not written in both of the first and 
second memory element 100 and 200. This case may be defined that, for example, data "2" 
is stored. 

In the non- volatile semiconductor memory device 200 in accordance with the present 
15 embodiment, at the time of writing data, three kinds of data "0", "1" and "2" can be written 
by the first and second memory elements 100 and 200 that of the non- volatile semiconductor 
memory device 300. 

For example, in the writing operation, when the voltage (Vd) of the first impurity 
diffusion layer 16 is 2.5 V, the threshold voltage V t h2 of the second memory element 200 is 

20 0.7 V, the potential (Vc) of the control gate 28 is 2 V, the potential (Vs) of the second 

impurity diffusion layer 14 is 10.5 V, the potential (Vd) of the first impurity diffusion layer 
16 is 1 V and the potential (Vsub) of the silicon substrate 10 is 0 V, charge is injected only 
in the floating gate 122 of the second memory element 200. In other words, data is written 
only in the second memory element 200. On the other hand, when the threshold voltage V t hi 

25 of the first memory element 100 is 1 V, charge is injected in both of the floating gates 22 
and 122 of the first and second memory elements 100 and 200. In other words, data is , 
written in both of the first and second memory elements 1 00 and 200. 
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At the time of erasing data, a specified high voltage is applied to the control gate 28 
to thereby move the charge to the control gate 28 by FN conduction, whereby data in the 
first and second memory elements 100 and 200 are erased all together. 

In an erasing operation, the potential of the control gate 28 is set to be higher than 
5 the potentials of the second impurity diffusion layer 14 and the first impurity diffusion layer 
16. As a result, charges accumulated in the floating gates 22 and 122 that respectively of the 
first and second memory elements 100 and 200 are discharged from the upper peripheral 
sections 220 and 320 of the floating gates 22 and 122, passing through the intermediate 
dielectric layer 26 by FN conduction, to the control gate 28, whereby data is erased. 
10 For example, in the erasing operation, when the potential (Vc) of the control gate 28 

is 11 .5 V, the potentials (Vs) and (Vd) of the second impurity diffusion layer 14 and the first 
impurity diffusion layer 16 are 0 V, and the potential (Vsus) of the silicon substrate 10 is 0 
V, data stored in the first and second memory elements 100 and 200 are erased. 

In a data reading operation, the first impurity diffusion layer 16 may be set at a high 
15 potential compared to the second impurity diffusion layer 14, and a specified potential is 
applied to the control gate 28, whereby a decision as to written data is made based on the 
presence or the absence of formed channels of the first and second memory elements 100 
and 200. 

In a non-volatile semiconductor memory device, in general, when a charge is 
20 injected in the floating gate, the potential of the floating gate becomes low, with the result 
that a channel is not formed and a drain current does not flow. Conversely, when charge is 
not injected in the floating gate, the floating gate has a high potential, with the result that a 
channel is formed and a drain current flows. Accordingly, by detecting drain currents 
flowing in the first and second memory elements 100 and 200 that of the non- volatile 
25 semiconductor memory device 300 by a sense amplifier, data can be read out. 

In the present embodiment, when charges are injected in both of the floating gates 22 
and 122 that respectively compose a portion of the first and second memory, elements 100 
and 200, potentials of both of the floating gates 22 and 122 become low, and therefore 
channels are not formed and drain currents do not flow in both of the first and second 
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memory elements 100 and 200. In other words, in this case, since any current that may flow 
between the first impurity diffusion layer 16 and the second impurity diffusion layer 14 is 
not detected, a decision is made that the stored data is "0". 

When a charge is injected in only the floating gate 122 that composes a portion of 
5 the second memory element 200, only the potential of the floating gate 122 becomes low, 
such that a channel is not formed and a drain current does not flow in the second memory 
element 200. On the other hand, in this case, since a charge is not injected in the floating 
gate 22 that composes a portion of the first memory element 100, a potential of the floating 
gate 22 becomes high, such that a channel is formed and a drain current flows. In other 

10 words, a drain current flows only in the first memory element 100. This drain current is 
measured. The current measured here is a drain current that flows only in the first memory 
element 100. A decision is made, from the amount of current that is obtained by measuring 
the drain current, that the data is "1". 

Alternatively, when a charge is not injected in both of the floating gates 22 and 122 

15 that respectively compose a portion of the first and second memory elements 100 and 200, 
potentials of both of the floating gates 22 and 122 become high, such that channels are 
formed and drain currents flow in both of the first and second memory elements 100 and 
200. In other words, drain currents flow in both of the first and second memory elements 
100 and 200. The currents measured in here are drain currents that flow in both of the first 

20 and second memory elements 100 and 200. A decision is made, from the amount of current 
obtained by measuring the drain currents, that the data is "2". 

For example, in the reading operation, data is read out with the potential (Vc) of the 
control gate 28 being 1.0 V, the potential (Vs) of the second impurity diffusion layer 14 
being 0 V, the potential (Vd) of the first impurity diffusion layer 16 being 3.0 V and the 

25 potential (Vsub) of the silicon substrate 10 being 0 V. Here, when no drain current is 
detected, a decision is made that the stored data is "0". Also, when it is judged from the 
amount of the detected drain Current that the drain current flows only in the first memory 
element 100, a decision is made that the stored data is "1". Alternatively, when it is judged 
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from the amount of the detected drain current that the drain currents flow in both of the first 
and second memory elements 100 and 200, a decision is made that the stored data is "2". 

In the non- volatile semiconductor memory device 300 in accordance with the present 
embodiment, in the data writing and data reading, three kinds of data, i.e., "0", "1" and "2", 
5 can be written and read by the first and second memory elements 100 and 200 of the non- 
volatile semiconductor memory device 300. Accordingly, storage and reading of data can 
be efficiently conducted when it is applied to an apparatus that requires discriminating three 
kinds of information from one another, such as, for example, a color CCD and a color liquid 
crystal display apparatus. 

10 Next, one example of a method for manufacturing the non- volatile semiconductor 

memory device 300 shown in Figs. 1 through 3 is described with reference to Figs. 4 
through 16. Figs. 5 through 13 and Fig. 15 schematically show cross sections of the non- 
volatile semiconductor memory device shown in Figs. 1 through 3 in a manufacturing 
process, and show sections corresponding to a cross section taken along a line A - A of Figs. 

15 1 and 4. Figs. 14 and 16 schematically show cross sections of the non- volatile 

semiconductor memory device shown in Figs. 1 through 3 in a manufacturing process, and 
show sections corresponding to a cross section taken along a line B - B of Fig. 1. 

(1) First, as shown in Figs. 4 and 5, element isolation regions 18 and 38 are formed 
in a well 1 1 of the second conductivity type (P-type) formed in the silicon substrate 10 in 

20 specified regions by, for example, a selective oxidation method, an STI (Shallow Trench 
Isolation) method or the like. The element isolation regions 18 and 38 are formed 
alternately in X direction. Then, an impurity of the first conductivity type (N-type) is 
introduced in areas in the well where control gates 28 are to be formed in a later step, to 
thereby form impurity regions 34. 

25 Then, as shown in Fig. 6, a silicon oxide layer 20a is formed in specified regions in 

the well 1 1 by, for example, a thermal oxidation method. The silicon oxide layer 20a is 
provided in a layer to form gate dielectric layers 20 and 120 of the first and second memory 
elements 100 and 200 (see Fig. 2) in a later step. The thickness of the gate dielectric layers 
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20 and 120 is not particularly limited, but may preferably be 7 - 8 nm in view of the gate 
dielectric strength and the like. 

Then, a polysilicon layer is formed on the silicon oxide layer 20a using a CVD 
method, for example, and phosphorous or arsenic is diffused therein to form a polysilicon 
5 layer 22a of the first conductivity type (N-type). The polysilicon layer 22a is provided in a 
layer to form floating gates 22 and 122 of the respective first and second memory elements 
100 and 200 (see Fig. 2) in a later step. The polysilicon layer may preferably have a 
thickness of 100 - 150 nm, for example. 

The polysilicon layer may be changed to N-type by other methods. For example, in 
10 one method, after the polysilicon layer is formed, phosphorous ions or arsenic ions are 
implanted therein. Alternatively, after the polysilicon layer is formed, it is contacted with 
carrier gas containing phosphoryl chloride (POCl 3 ). Alternatively, in another method, when 
the polysilicon layer is formed, it is contacted with a carrier gas containing phosphine (PH3). 

(2) Next, a silicon nitride layer 50 is formed on a surface of the polysilicon layer 22a 
15 by, for example, a CVD method, and then a resist layer Rl having a specified pattern is 

formed on the silicon nitride layer 50. Specified regions of the silicon nitride layer 50 are 
selectively etched and removed by using the resist layer Rl as a mask to form grooves 
200H. The grooves 200H are formed in sections immediately above gate dielectric layers 
120 that are to be formed in a later step. 
20 Then, by using the resist layer Rl as a mask, an impurity of the second conductivity 

type (P-type) is introduced in the well 1 1 in sections immediately below the grooves 200H, 
to form third impurity diffusion layers 25 that are to compose a portion of the second 
memory elements 200 (see Fig. 2), as shown in Fig. 7. 

(3) Next, after removing the resist layer Rl, a resist layer R2 having a specified 

25 pattern is formed on the silicon nitride layer 50. Specified regions of the silicon nitride layer 
50 are selectively etched and removed by using the resist layer R2 as a mask to form 
grooves 100H (see Fig. 8). The grooves 100H are formed in sections immediately above 
gate dielectric layers 20 that are to be formed in a later step. 
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Then, by using the resist layer R2 as a mask, an impurity of the second conductivity 
type (P-type) is introduced in the well 1 1 in sections immediately below the grooves 100H, 
to form third impurity diffusion layers 15 that are to compose a portion of the first memory 
elements 100 (see Fig. 2), as shown in Fig. 9. At this time, an impurity is introduced in the 
5 third impurity diffusion layers 15 such that the impurity concentration of the third impurity 
diffusion layers 15 becomes higher than the impurity concentration of the third impurity 
diffusion layers 25. As a result, the threshold voltage of the first memory elements 100 is 
set to be greater than the threshold voltage of the second memory elements 200. Then, the 
resist layer R2 is removed. 

10 (4) Then, as shown in Fig. 10, a resist layer R3 having a specified pattern is formed 

on the silicon nitride layer 50. The resist layer R3 includes grooves 1 10H and 21 OH. The 
grooves 1 10H and 21 OH have the same shapes as those of the grooves 100H (see Fig. 8 and 
Fig. 9) and 200H (see Fig. 6 and Fig. 7), respectively. Then, exposed portions of the 
polysilicon layer 22a are selectively oxidized to form selective oxide dielectric layers 24 and 

15 124 in specified regions of the polysilicon layer 22a. Then, the silicon nitride layer 50 is 
removed. The selective oxide dielectric layers 24 and 124 formed here become selective 
oxide dielectric layers of the first and second memory elements 100 and 200 (see Fig. 2), 
respectively. The selective oxide dielectric layers 24 and 124 formed by selective oxidation 
have a cross-sectional shape in which the film thickness is greatest at its central portion, and 

20 the film thickness gradually becomes smaller toward end sections thereof. 

(5) Next, after the resist layer R3 is removed, an etching is conducted by using the 
selective oxide dielectric layers 24 and 124 as masks, to thereby pattern the polysilicon layer 
22a shown in Fig. 1 1. By this step, the floating gates 22 and 122 and the gate dielectric 
layers 20 and 120 may be formed, as shown in Fig. 12. The floating gates 22 and 122 

25 formed here become the floating gates of the first and second memory elements 100 and 
200, respectively (see Fig. 2), and the gate dielectric layers 20 and 120 become the gate 
dielectric layers of the first and second memory elements 100 and 200, respectively (see Fig. 
2). 
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(6) Next, as shown in Fig. 13 and Fig. 14, a silicon oxide layer 26a is formed on the 
well 1 1 . The silicon oxide layer 26a becomes an intermediate dielectric layer 26 (see Fig. 2) 
that composes a portion of the first and second memory elements 100 and 200 in a later step. 
The silicon oxide layer 26a may be formed by, for example, a thermal oxidation method or a 

5 CVD method. A preferred CVD method is a high temperature CVD method. Forming the 
silicon oxide layer by a high temperature CVD method provides an advantage in that the 
film quality of the silicon oxide layer becomes dense. The silicon oxide layer 26a is formed 
on the silicon substrate 10 to a thickness of 15 - 25 nm, for example. Also, the silicon oxide 
layer 26a may be formed from a plurality of layers disposed in layers. 

10 It is noted that, depending on the requirements, the silicon oxide layer 26a may be 

subject to an anneal treatment. The anneal treatment can improve the film quality of the re- 
formed silicon oxide layer 26a. The anneal treatment may be conducted, for example, in a 
nitrogen atmosphere under normal pressure. Temperature condition may be, for example, 
850 - 1000°C, and more preferably 900 - 950°C. Annealing time may be, for example, 15 - 

15 30 minutes, and more preferably 20 - 25 minutes. 

(7) Next, as shown in Fig. 13 and Fig. 14, a polysilicon layer 28a is formed on a 
surface of the silicon oxide layer 26a by a similar method used in the step (1) described 
above. 

Next, a resist layer having a specified pattern is formed on the polysilicon layer 28a, 
20 and then a patterning is conducted by an etching to form intermediate dielectric layers 26 
and control gates 28, as shown in Fig. 15 and Fig. 16. The intermediate dielectric layers 26 
and the control gates 28 each become an intermediate dielectric layer and a control gate of 
the first and second memory elements 100 and 200 (see Fig. 2). 

(8) Further, a resist layer that is patterned in a manner to cover a part of the selective 
25 oxide dielectric layer 24, the control gate 28 and a region that is to become the first impurity 

diffusion layer 16 is formed. Then, by using the resist layer as a mask, an impurity of the 
first conductivity type (N-type) is doped in specified regions of the well 1 1 by a known 
method to form the second impurity diffusion layers 14. 
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Next, a resist layer that is patterned in a manner to cover the selective oxide 
dielectric layer 24, a part of the control gate 28 and the second impurity diffusion layer 14 is 
formed. Then, an impurity of the first conductivity type (N-type) is doped in a specified 
region of the well 1 1 to form the first impurity diffusion layers 16. 
5 By the steps described above, the first and second memory elements 100 and 200 of 

the non- volatile semiconductor memory device 300 shown in Fig. 1 may be formed. 

(9) Next, an interlayer dielectric layer 40 comprising of a silicon oxide layer (see 
Fig. 2) is formed by, for example, a CVD method, on the well 1 1 where the first and second 
memory elements 100 and 200 are formed. Then, specified regions of the interlayer 
10 dielectric layer 40 are selectively etched and removed to form contact holes 33 (see Fig. 3) 
that reach the first impurity diffusion layers 16. Next, a conduction layer comprising 
aluminum or the like is deposited on an upper surface of the interlayer dielectric layer 40 
and in the contact holes 33 by, for example, a sputter method. The conduction layer is 
patterned to form contact conduction layers 32 and metal bit wiring layers 30 (for example, 
15 bit lines) that are electrically connected to the first impurity diffusion layers 16 through the 
contact conduction layers 32. 

By the steps described above, the non- volatile semiconductor memory device 300 
shown in Figs. 1 through 3 may be formed. 

By the method for manufacturing a non- volatile semiconductor memory device in 
20 accordance with the present embodiment, an impurity is introduced in different 

concentrations in regions where first and second memory elements 100 and 200 are to be 
formed, respectively, to thereby form third impurity diffusion layers 15 and 25, such that the 
first and second memory elements 100 and 200 having different threshold voltages can be 
formed. As a result, a non- volatile semiconductor memory device that can write and read 
25 three kinds of data can be manufactured by an efficient method. 

Next, a method for manufacturing a non-volatile semiconductor memory device 300 
in another embodiment is described. 

Figs. 17 through 20 schematically show a method for manufacturing the non- volatile 
semiconductor memory device 300 shown in Fig. 1 in another example. 
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In the manufacturing method described above, as shown in Figs. 6 through 9, after 
the silicon oxide layer 20a and the polysilicon layer 22a are formed on the wafer 1 1, the 
third impurity diffusion layers 15 and 25 that respectively compose a portion of the first and 
second memory elements 100 and 200 are formed. However, instead of the steps shown in 
5 Figs. 6 through 9, the third impurity diffusion layers may be formed before the silicon oxide 
layer 20a and the polysilicon layer 22a are formed, as shown in Figs. 17 through 20. 

First, before the silicon oxide layer 20a and the polysilicon layer 22a are formed on 
the wafer 1 1 , an impurity of the second conductivity type (P-type) is doped in the entire area 
of the well 1 1 to form an impurity region 44 as shown in Figs. 17 and 18, instead of forming 

10 the impurity region 34 in the steps shown in Figs. 4 and 5 described above. Further, a resist 
layer having a pattern to cover at least portions where the second memory elements 200 are 
to be formed in later steps is formed, and then an impurity of the second conductivity type 
(P-type) is doped in regions where the resist layer is not formed, such that impurity regions 
54 are formed in regions where the first memory elements 100 are to be formed in later 

15 steps, as shown in Figs. 19 and 20. By the above, the impurity regions 54 are formed to 
have an impurity concentration higher than that of the impurity region 44. The impurity 
regions 54 and 44 formed through the steps described above become third impurity diffusion 
layers 15 and 25 shown in Figs. 1 through 3. Then, the resist layer is removed. Steps to be 
conducted hereafter are the same as the steps shown in Figs. 10 through 16. 

20 According to the steps shown in Figs. 17 through 20, the third impurity diffusion 

layers 15 and 25 may also be formed before the silicon oxide layer 20a and the polysilicon 
layer 22a are formed. By the process described above, the number of process steps is further 
reduced, and the non-volatile semiconductor memory device 300 in accordance with the 
present embodiment can be manufactured by a more simplified method. 

25 The present invention is not limited to the embodiments described above, and many 

modifications can be made within the subject matter of the present invention. 

For example, in certain embodiments, the order of some of the process steps (for 
example, impurity implantation, patterning, deposition) may be varied. 
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In addition, for example, in the present embodiments, the first conductivity type is 
N-type and the second conductivity type is P-type. However, they can be switched from one 
to the other in each of the semiconductor layers without . departing from the subject matter of 
the present invention. In other words, the first conductivity type may be P-type and the 
5 second conductivity type may be N-type to achieve the functions and effects of the present 
invention. 

Also, for example, depending on the requirements, a triple well, in which an N-type 
impurity (for example, arsenic or phosphorous) is diffused in the silicon substrate 10 to form 
a first well of N-type, and further a P-type impurity (for example, boron) is doped in the first 
10 well to form a second well of P-type in a specified region, may be used. 
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